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© Fluorlnated surfaces useful for DNA purification by solid phase extraction. 



the binding buffer are needed to bind DNA to the fluorinated surfaces. 
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BACKGROUND OF THE INVENTION 

conditions. <fi<!^ olasmid DNA, single-stranded (ss) pliage DNA, 

The preparation of high-pur.ty J^^^^^^ importance in molecular biology, 

chromosomal DNA and agarose gel-punfied DNA ragments is of crn.ca p 

.deailv, a method for Pf/^ " . transformation, 

manipulation. DNA rendered by such a "i"™^™^'^^ , ^o^jlC be extremely attractive 

restriction analysis, ligation or sequencing. A "^^^^^j*;^^" ° JJ^'V^^^^ laboratories. Typically, the 

salts, ethidium bromide and alcohol. Similar arguments expend when usmg ^^j,^,,, 
purifying DNA fragments. A tujher P^^^^^^^ ^rca^a e a u^tSe SrontamLtion. 
components can copurify with the DNA. ^^h^s. the DNA can na techniques have 

DNA can also be purified usmg solid Phases. Convenjona sono p ^^^^^^^ 
utilized surfaces which either (1) fail to attract and ^^^^^^^^^^^ ° (2) excessively adhere DNA 

surface design to permit easy recovery of the DNA molecules ™' ^,,^1,,. conventional 

molecules to the surface, thereby hindering recovery of the ^^^^J ^J^^^^"^^', ™„,,,de silica surfaces 
metal surfaces which cause *ese problems w e" ^. ^^^^^^^^ ^^^.^^^^ 

such as glass and Celite. Adequate banding °* ^^^^^^^^ "^^^ caustic, and/or expensive, 

utilizing high concentrations of ^^^°''<'^^X°' f^^""' '^^^^^ ^^^^^ and o glass fiber filters In the 
; For example, it is known that DNA will .'''"^ ^/^'^e ta^^^^^^^^^ w5h alcohol, and the DNAs are 
presence of chaotropes. The chaotrop.c ions tVP ^ally are ^fj^^^^ ^'^^^^ However, a serious 
eluted with low-salt solutions or water. Importarjly RNA and p^ote n do not b nd^ 
drawback in the use of crushed glass powder is that its '''"^'"S^^^r^ers and a tendency to nick large 
otten suffer from inconsistent recovery, '"-°"^P«**''f J* ,ow TnA binding capacitj. Other silicas. 



Laboratories. As with 
adequate binding of the DNA to the Celite 
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SUMMARY OF THE INVENTION 

contact with the fluorinated surface, the A^^^'"^*^^ ^^"'^."f '^^^f ° elJ^^d from the surface. Lower 
DETAILED DESCRIPTION OF THE INVENTION 

achieve purification of DNA using the ^^"^ ^HA interacts with the surface through 
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surface hydroxyls. The second interaction is between ^-^^^'i;^-^^^^^ 

positively charged elements of the solid P'^-^^J"^,^^;- J^^^ of cellular 

permit eMon ol the DNA from the sohd ph.se f^'"' °f I, atd cannot be 

S2er;h,=nrJtrhvZh»,c an. e,.*^^^^^ 

DNA perMon »«h m»=h lo-r "'■^^^rgrw^L «al., molecules, 

^ase, hycophillc ^'^^''^'''^'^J^^^J^J^J^ such as oa«on,l. sull.n,l 
Suitable groups include -OH, -NH, -F, H or groups wiin u orasence of oositively charged atoms, 

or phosphonyl. Electropositive ^^'^^'^^^^^'^^ 'l'^^^^^^^ p eseni invention' luorlnated 

Suitable positively-charged atoms mclude B or Al In accordan^ Achieved by incorporation of fluorine 
surfaces are prepared in ffJ^^J^^^^^^:"^^^^^^ Al or other appropriate 

X^^^^^^ ^ °' theUen^invention include fluorinated AI(0H)3, 

fluorinated ^'O^ J-;;^^^^^^^^ ^,,33,^ i„,3„«on are prepared by reacting a suitable fluoride 

in general the fluonnated ^^^^^raL sodium fluoride and tetrabutyiammonium fluoride, may be 
with the desired f'tse tLbutylammonium fluoride. Suitable surfaces include those 

utilized in this reaction. It is preferred to use tetraouiyiamrn 



35 stored in a desiccator. ^^^^ .^^^^ ^^^^^^ p^^.^^^^y by refluxing. DNA 

« :r;;*:t W fTd^a"^ %0»). ..u..«ed - „ .u,« »u,.pe,.o,ms 

super Una sup.' j ge„„ally described above, preferably by reflu-lng. 

C.r?freTSrS2,e^- rrcorer^r^ r I^ated cente 
surfaces out-perform super fine super floss Celite. purification of DNA from other 

oeirc'rrtsr^Sn.^ z^rr^^^i-^^L^j-sz ^ ^. 100.*., b. not 
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limited to crude cell extracts, biological fluids, phage supematants, agarose gels and rad.olabe^^^ing 
reaSons The DNA car, be double-stranded, single-stranded, circular or linear, and can be variable .n size^ 
CoSona techniques for obtaining DNA from any source, well known in the art. are ut>l.zed to prepa 
the DNA for purification. Typical procedures for obtaining DNA end w.th a suspens.o of the DNA m 
solution. For isolation of DNA from biological samples see e^g.. Hydmg dD et a^^^^ 
Research 17:6947 (1989) and Marko. M.A. et al.. Analytical B.ocheniistry 1gl 382 (1^^^^^^^ 
isolation orplasmid DNA can be found in Lutze. LH. et al.. Nucleic Acids Research 20.6150 (1990). 
Ex Sn of DNA from biological samples can be found in Yamada, 0. et al.. J^ima!^ 

vS c 1 Ithods 27:203 (1990). Most DNA solu«ons comprise the DNA in a suitable buffer such as TE 
(Tris-EDTA). TEA ( 4ymm Tris-acetate. 1 mm EDTA) buffer, or a lysate. See also Sambrook J. et al.. 
Moled Clonin o: A Laboratory Manual . 2nd Ed., Cold Spring Harbor Laboratory Press. New York (1989). 

once the DNA Is obtained in a sui table solution or suspension, the fluorinated surface of the present 
invention is added to the solution or suspension. Alternatively, the DNA solution or suspension could be 
addeTt; e fluorinated surface of the present invention. After the DNA solution or -sPen.°n is c^^^^^^^^^^^ 
with the fluorinated surface of the present invention, a binding buffer typically is added to assist in he 
bindi g of the DNA to the fluorinated surface. Suitable binding buffers 

as Naao. and Nal. and other agents such as guanidine HCl or isopropanol. After the DNA is bound to the 
ruorlnated surface, the pure DNA is eluted from the fluorinated surface. Suitable eluting agents include 
wat r o lOmM Tris. pH 7,0. Generally, the fluorinated surface with bound DNA is -parated^ e.O^. 
centrifugation or filtration, and washed prior to eluting the DNA. Suitable washing agents include 80/20 
6thanol/50mM Tris. pH 7.0 and other low molecular weight alcohols. ^ 

?he DNA Obtained by purification with the fluorinated surfaces of the present invention ".ay be "se^ 
without further manipulation for restriction enzyme digestion, cloning, sequencing, diagnoshcs and the hke^ 
The high quality of DNA prepared with the present invention and the speed with which DNA ,s PU"fed with 
minimal downsLam processing mean that these fluorinated surfaces can be useful ,n the automation of 

°'^r^ese':nn:Son is described by reference to the following Examples, which are offered by way of 
illustration and are not intended to limit the invention in any manner. Standard techniques well known in the 
art or the techniques specifically described below were utilized. 

EXAMPLE 1 



Synthesis of Fluorinated Surfaces 



35 A. Fluorinated AI(OH)3 

Fluorinated AI(0H)3 surfaces comprising A1(0H)3 reacted with .05 to 0.3 equivalent of fluoride were 
prepared using the following ratios of tetrabutylammonium fluoride (TBAF; Aldnch Chem.cal Co.) and Al- 
{0H)3 (Aldrich): 
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Rxn 


TBAF 


A1(0H)3 


eq. 


ml 


mMol 


9 


mMol 


1 


0.3 


2.20 


2.20 


.5 


6.67 


2 


0.1 


.700 


.700 


.5 


6.41 


3 


0.05 


1 .035 


.035 


.5 


6.41 



60 the 



Reaction 1 was performed by adding the TBAF to the solid A1(0H)3. Ten ml THF was then added, and 
tne Su e again was heated with stirring to reflux. Twenty ml THF was added, and the m^ure was 
reSuxed with stirring overnight. The reaction mixture was then cooled to room temperature and ^ 'te;ed The 
Sinated AK0H)3 was washed three times with 20 ml water to remove P". and three times with 15 ml 
^cZrThe washed material was air-dried for 30 minutes and heat-dried at lOO'C for 30 minutes. The 

dried, fluorinated A1(0H)3 was stored in a desiccator. ^^^^ a„H in m ml THF A reflux 

Reactions 2 and 3 were performed by adding together the TBAF. AI(0H)3 and 10-15 ml THF. A retiux 
condense was attached and the reaction mixture was refluxed overnight with stirring. The reaction mixture 
^s then CO "ed to room temperature and fittered. The fluorinated AI(0H)3 was washed three times with 10 
ml a etone'three times with 15 ml water and three times with 15 ml acetone. The washed material was air- 
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dried for 20 minutes, oven-dried at 100 • C for 1 hour, and stored in a desiccator. 
B. Fluorinated Celite 

Fluorinated Celite surfaces comprising oxidized Celite reacted with 0 3 equivalent to an excess of 
fluoride to Si02 were prepared by using the following ratios of TBAF and Celite (SiOa): 
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Rxn 


TBAF 


Celite* 


eq. 


ml 


mMol 


g 


mMol 


1 


0.3 


2.8 


2.8 


,5 


8.33 


2 


0.6 


5.6 


5.6 


.5 


8.33 


3 


0.9 


9.0 


9.0 


.5 


8.33 


4 


exs 


12.0 


12.0 


.5 


8.33 



H2S04, 



20 



Reaction 1 was performed as described for reaction 1 of the fluorinated A1(0H)3 surfaces. Reactions 2-4 
were performed as described for reactions 2 and 3 of the fluorinated Ai(0H)3 surfaces. 
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EXAMPLE 2 

Analysis of DNA Recovery Using Super Fine Super Floss Celite as Standard 

The following materials were utilized for the analysis of DNA recovery with super fine super floss Celite 
as a standard for the analysis of the DNA recovery capabilities of the silicon-contam.ng matenals. 
Super Fine Super Floss Celite (Manville; 1:5 w/w in H2O) [SFSF] 
X DNA (BRL Cat. No. 561 25A) 
50 mM Tris, pH 7.0 (diluted from 1M stock) 
Binding buffers (H2O or NaCIO^ diluted from 6M stock) 
80% ethanol in 50 mM Tris, pH 7.0 
MilliQ H2O 

Ethidium bromide (10 mg/ml) 
1 % agarose 

IX TAE (diluted from 50X stock) 

Type 11 loading dye (25% FIcoll 400. 25% bromophenol blue, 25% xylene cyanol) 

JrurofTDT^^^^^^^ Ul X DNA in 50 u. 50mM Tris. pH 7.0. for 31 ug DNA/reaction) were 

.ddeT?o eioht tuSes ^wen^ ul of SFSF was added to the DNA (-30 ug). Four hundred m of b.nd.ng 
bufe 1 T^^^^^^^^^^ H2O to tube 1; 1.0. 1.5, 2. 2.5. 3. 3.5 and 4M NaCIO. to tubes 2^^^^ 

?especrel' mixture was incubated with rocking for 10 minutes at room temperajrejhe tubes w^e 
cent'fuged and the supernatant was discarded. Resulting pellets ^^'^ ;'^f^^J^^^^^^ 
TZi^Lm Trk HCl dH 7 0 The DNA was eluted from the pellet in 20 ul water for 10 minutes at 37 C. 

supernatants of each saved in a separate tube. The pellets were eluted 
Lain as bXe. the tubes centrifuged and the supematants combined. Two ul of Type " load^n^^ dye was 
Sded to each tube of the supematants and the mixture loaded into a 1% agarose. IX TAE Qei- Jhe g^ 
was ru^rabout 25 minutes at 100-130 volts in IX TAE buffer. The gels were stamed w.th eth.d.um 
bromSe in h'o (-1 10^^ for -20-30 minutes. Photographs over UV light were taken w.th Type 57 f.lm and 
neaatives were taken (when possible) with Type 55 film. . , , ^ *h« hioHJnr, 

The showed that a small amount of DNA eluted from the SFSF with water f^d^^ the binding 
buffer A srnairamount of DNA was also eluted with 1. 1.5 and 2.0M NaClO, used as the binding buffer A 
Hfrnati^ r^e in The amount of eluted DNA was seen with 2.5. 3.0. 3.5 and 4.0M NaCIO, used as the 
b S blr When SFSF la compared with Prep-A-Gene™ . it was seen that no DNA was eluted rom 
thf SiteTom pZ^^^^ until 3.0M NaClO, was used as the binding buffer, whereas SFSF bound 
om??NA7its I'ti^e s^e and bound it more strongly at 2.5M NaC.O. Thus. f^F performed b^^^^ 
Z Prep-A-eene™ . In the Examples which follow, SFSF was used as the standard, using 3M NaCIO. as 
the binding buffer. 
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EXAMPLE 3 
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Analysis ot DNA Recovery U sing Fluorinated AI(0H)3 

IquMW ot OM gavs, Kceltent reco.sr, ot DNA. oul-perfon.,ng ProtvA-Gon. (so. Example 5), 
EXAMPLE 4 

Analysis of DNA Recovery U sing Fluorinated Celite 

prep reacting excess fluorine prepared by reaction 4. gave DNA recovery down to 1.5M NaClO. 

EXAMPLE 5 

Analysis of Quantitative DNA Recovery 

, . t:10 dilution ot X DNA (BOO ug DNA in ^^^^l^^^^;; ^^^^^^^ 

prepared. DNA san^ples were prepared, ^-J,^^°;J^'7^^^ X DNA. Thirty al of 

standard DNA sample was prepared contan^g ^ ^,,^3 ^^re added to the DNA 

samples, fd lowed ^^ '^l^^l^Ze c^^^ and decanted. The binding step, including centrifugaton 
5 room temperature. The samples were c^niriTug ™ ^ ^^ „ added, and the samples 

and decanting, was repeated. Five hundred ^[^^^J^^^^.^^^Zeoenm^ decanted and dried at 
were shaken for five minutes at t-pe^^^^^^^ s mples^w^^^ centrrfug^^ . ^ ^^^^^ ^^^^ 

- :;r?NTLrer^^^^^^^^^^ thT.(OH),suLe. wh^eas DNA 

was eluted from the fluorinated A1(0H)3 ^"^T^^. '^"J^^^^^^^^^^^ jhree samples from each of the 

The samples were ^'^ ^J^^^^^, ^ * samples were: (1) the original 

different surfaces were counted to de^erm ne th« o^a^ oj 0 ^^e 

45 binding buffer following the first b nd ng step. (2) thejl"^°n "^.e scintillation fluid 
iredt r^^^^~ Sd"dt :Z of the e,u.on bu«er, and (3) 
:S:rf:i:tfald io\he binding m.^^^^^^^^^^ 

" [rt^e^rA-Gene™ 7^ of the bound DNA eluted frorn the fluorinated AI(0H)3. Th,s amount 

'^tZ^:Zr::^ZlZ:^ ^h ;7:rpLr:chni.ue. DNA was recovered from 

risrhlrSbrrSr^^^^^ . Th. the described 

embodiments are illustrative and should not be construed as restnctive. 



6 



EP 0 648 777 A1 



Claims 
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1 A fluorinated surface which exhibits sufficient hydrophiiicity and sufficient electropositivity to bind DNA 
Jom a SuTpension of cellular components and permit elution of the DNA from the surface. 

The fluorinated surface of claim 1 wherein the hydrophilic and electropositive characteristics are 
expressed at the fluorinated surface such that the DNA binds at the surface. 

3. The fluorinated surface of claim 1 selected from the group consisting of fluorinated AI(0H)3, fluorinated 

w Si02. and fluorinated Celite. 

4. The fluorinated surface of claim 3 which is a fluorinated AI(OH),, prepared by reacting AI(0H)3 with 
about 0.05 to about 1 .5 equivalent of fluoride. 

,5 5. The fluorinated surface of claim 3 which is a fluorinated Celite. prepared by reacting oxidized Celite 
with about 0.05 equivalent to an excess of fluoride. 

6. The fluorinated surface of claim 3 which is a fluorinated Celite. prepared by reacting oxidized Celite 
with about 0.3 to about 0.9 equivalent of fluoride. 

20 , 

7. A method for purifying DNA comprising the steps of: . ^ ^ ^ i o 4 r or 6 

(a) contacting a suspension containing DNA with the fluonnated surface of claim 1. 2. 3. 4. 5 or 6 
under conditions suitable to bind DNA to said surface; 

(b) washing said fluorinated surface having bound DNA; and 
25 (c) eluting the DNA from said fluorinated surface. 
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